The prevalence of Neisseria gonorrhoeae in the Netherlands has increased in recent years. A multiple-locus variable-number tandem repeat analysis (MLVA) was developed to assess the molecular epidemiology of N. gonorrhoeae and to elucidate transmission networks in high-risk groups in Amsterdam. The MLVA was evaluated using 5 variable-number tandem repeat (VNTR) loci with various degrees of polymorphism that were amplified in 2 multiplex PCRs and were then separated and sized on an automated sequencer. The assessed number of repeats was used to create MLVA profiles that consisted of strings of 5 integers. The stability of the VNTR loci was assessed using isolates obtained from multiple anatomical locations from the same patient (n ‫؍‬ 118) and from patients and their sexual partners (n ‫؍‬ 55). When isolates with a single locus variant were considered to belong to the same MLVA type, 87% of samples from multiple anatomical locations and 88% of samples from sexual partners shared an MLVA type. MLVA was ultimately performed on 880 isolates that were previously genotyped by restriction fragment length polymorphism (RFLP) analysis of the por-opa genes. Hierarchical cluster analysis of the MLVA profiles from 716 patient visits (one anatomical location per visit) classified 430 patient visits into 14 larger clusters (>10 patient visits). In 7 clusters, 81% to 100% of isolates came from men who have sex with men (MSM); in 5 clusters, 79% to 100% of isolates came from heterosexuals; and 2 clusters contained isolates from fully mixed populations. Clusters also differed in characteristics such as ethnic background and coinfections. MLVA provided accurate identification of genetically related N. gonorrhoeae strains and revealed clusters of MSM and heterosexuals reflecting distinct transmission networks.
Neisseria gonorrhoeae is the etiological agent of the sexually transmitted disease (STD) gonorrhea. As observed in many other industrialized countries, the number of diagnosed gonorrhea cases at the Amsterdam Sexually Transmitted Infection (STI) Clinic in the Netherlands has increased since the late 1990s, in particular among men who have sex with men (MSM) (6, 7) . Identification of N. gonorrhoeae transmission networks, especially within high-risk groups, is difficult due to the high number of anonymous sexual contacts and/or reluctance to reveal sexual partners. Molecular typing techniques for N. gonorrhoeae have proven to be useful in resolving this lack of transparency within these sexual networks. Over the years, a variety of molecular typing techniques, such as restriction endonuclease fingerprinting, ribotyping, pulsed-field gel electrophoresis, and multilocus sequence typing (MLST), have been employed for the analysis of N. gonorrhoeae (1, 5, 9, 13, 16) .
A frequently used genotyping method using two genes that are under diverse immune selection is N. gonorrhoeae multiantigen sequence typing (NG-MAST), which is based on DNA sequence analysis of the por and tbpB genes. NG-MAST is a robust and portable technique with access to a global online database (http: //www.ng-mast.net) (14) . Yet this technique lacks high levels of resolution, and it has been confirmed that additional typing of the opa genes subdivides NG-MAST clusters (3, 15) . Such resolution may be needed to dissect N. gonorrhoeae transmission networks or to monitor outbreaks in high-risk groups within one city. For this reason, Kolader et al. in 2006 developed a restriction fragment length polymorphism (RFLP) technique that indexed the genetic variation in both the por gene and the variable opa genes (11) . Although this RFLP method is highly discriminatory, it is less portable than NG-MAST.
A molecular typing technique in which characteristics such as portability, high resolution, and cost-effectiveness are combined is multiple-locus variable-number tandem repeat (VNTR) analysis (MLVA). MLVA has already been applied successfully to a large number of bacterial pathogens, including Neisseria meningitidis, and is based on the utilization of the variation in the number of tandem repeat sequences in different loci dispersed over the total genome (18) . This variation is expressed in strain-specific numerical DNA profiles. The relationship between these MLVA profiles can be visualized in minimum spanning trees (MST) and makes them useful for epidemiological studies.
In this study we describe the development and evaluation of MLVA to assess the molecular epidemiology of N. gonorrhoeae and to elucidate transmission networks in high-risk groups by providing accurate and rapid identification of genetically related strains. A comparison of performance and discriminatory power is made between MLVA and por-opa genotyping as it and calculation of the number of repeats of each VNTR were performed with GeneMarker software, version 1.80 (SoftGenetics). The number of repeats in each of the 5 VNTR loci was calculated by subtracting the size of the flanking regions from the size of the total PCR product, yielding the repeat region. Dividing this region by the size of one repeat unit yielded the number of repeats in a VNTR locus.
Each variant (allele) of the 5 VNTR loci was represented by an integer corresponding to the number of repeats found. Thus, the MLVA profile consisted of a string of 5 integers derived from the 5 VNTR loci, and this string was used for cluster analysis.
To verify the accuracy of the sizing by fragment analysis and the in silico calculations of the repeat numbers, each allelic variant of each VNTR locus was sequenced once.
DNA sequencing. Excess deoxynucleoside triphosphates (dNTPs) and primers were removed from the amplified PCR product by addition of ExoSAP-IT (USB Corporation). Following purification, BigDye Terminator and BigDye XTerminator (both from Applied Biosystems) were used for DNA sequencing. The sequence reaction mixtures were analyzed on an ABI 3130 DNA analyzer.
Data analysis and statistics. Cluster analysis of the MLVA typing data was performed in Bionumerics software, version 5.1 (Applied Maths, Belgium). Statistical analyses were performed using SPSS (version 15.0) software (SPSS Inc., Chicago, IL).
For the determination of genetic diversity and the discrimination index, Simpson's index of diversity (DI) was calculated as 100
where p is the total number of types described, n i is the number of strains belonging to the ith type and N is the total number of strains in the sample population (19) .
RESULTS
Identification of VNTR loci in N. gonorrhoeae. In silico analysis of the N. gonorrhoeae FA1090 genome showed that previously identified N. meningitidis VNTR loci were also present in N. gonorrhoeae (18) . Therefore, the MLVA scheme developed for the molecular typing of N. meningitidis was used to analyze a set of 24 different N. gonorrhoeae strains, which included 6 reference strains and 18 clinical strains. Remarkably, the VNTR loci that were highly variable in N. meningitidis showed little or no variation in N. gonorrhoeae. This prompted us to search for a new set of VNTR loci in order to develop an MLVA that provided sufficient resolution to differentiate N. gonorrhoeae strains but maintained sufficiently large groups to identify clusters of patients infected with genetically related N. gonorrhoeae strains.
In silico analysis of the genome of N. gonorrhoeae strain FA1090 using the Tandem Repeats Finder software revealed the presence of many tandem repeat loci (2) . Only repeat loci that were unique in the genome and had a minimum repeat unit size of 4 bp were selected. PCRs were designed to amplify 11 tandem repeat loci using the set of 24 different N. gonor- rhoeae strains mentioned above. Tandem-repeat loci that displayed a moderate degree of variation (i.e., no more than 5 alleles among the 24 isolates) and were present in all 24 isolates from the test set were deemed suitable for genotyping. These 5 VNTR loci were designated VNTR04-03, VNTR04-10, VNTR07-02, VNTR15-02, and VNTR16-01 (Table 1) . In this naming convention, VNTR04-03 represents the third tandem repeat locus, carrying 4-bp repeat units.
Stabilities of the VNTR loci in vitro.
To determine the stabilities of the 5 selected VNTR loci under in vitro conditions, 4 N. gonorrhoeae strains with distinct MLVA profiles were cultured from frozen stock and were subcultured on chocolate agar for 26 consecutive days. Two of these 4 strains were subcultured in duplicate. Lysates were made from each subcultured strain, and MLVA was performed. MLVA showed that none of the 4 strains had undergone alterations in any of the 5 VNTR loci during serial passage. These results suggest that the 5 selected VNTR loci remain stable under in vitro circumstances.
Patients with multiple infections. The second step in the evaluation of the MLVA was to examine whether patients who were diagnosed at one visit as infected with N. gonorrhoeae at 2 or 3 anatomical sites carried identical or divergent MLVA profiles at these different anatomical locations. Of the 694 patients who were included in this study and who are characterized in Table 2 , 118 patients with 119 patient visits had N. gonorrhoeae infections at multiple anatomical locations. MLVA of the 257 isolates from these 119 patient visits showed that for 78 patient visits (66%), the MLVA types of N. gonorrhoeae were identical at multiple anatomical locations of the same patient (Table 3) . We found a total of 25 patient visits (21%) at which the patient carried N. gonorrhoeae strains in different anatomical locations that differed in a single VNTR locus (single-locus variant [SLV] ). At 7 patient visits (6%), we observed double-locus variants (DLVs) in strains isolated from these patients. Table 3 shows that the SLVs and DLVs were almost exclusively confined to the VNTR04-03, VNTR04-10, and VNTR07-02 loci. Isolates with an SLV in VNTR15-02 were found in only a single patient; no SLVs or DLVs in VNTR16-01 were found in any of the isolates from different anatomical sites in a given patient. The MLVA profiles from the remaining 9 patient visits (8%) showed polymorphism in more than 2 VNTR loci and were designated multiple-locus variants (MLVs); these most likely represent different strains. The numbers of altered VNTR loci in the isolates from these patients were evenly distributed. Comparison of the results of the MLVA of the isolates obtained from these 9 patients with their por gene RFLP gel patterns showed that polymorphism also occurred in the por gene in the isolates of 7 of these 9 Components. The third step in the evaluation of the MLVA was the analysis of 55 components (144 isolates) to identify N. gonorrhoeae infections with concordant MLVA types among sexual partners. A component was defined as a patient and a named sexual partner of that patient, each of whom had an N. gonorrhoeae infection, a typed isolate, and a completed questionnaire. For each member of a component, an isolate from one anatomical location was selected in the following preferrential order: urethral, cervical, rectal, and pharyngeal. Of the 55 components, 28 (51%) were MSM couples and 27 (49%) were heterosexual couples. Typing data showed that 41 (75%) of the components had isolates with identical MLVA types (Table 3) . Seven (13%) of the 55 components had isolates with MLVA types with an SLV, while only 3 components (5%) had MLVA types with a DLV. All SLVs and DLVs were observed in VNTR04-03, VNTR04-10, or VNTR07-02, while VNTR15-02 and VNTR16-01 showed no polymorphism between any patient and his or her linked partner (Table 3) . From the remaining 4 components (7%), N. gonorrhoeae strains carrying MLVA types that differed in more than 2 VNTR loci were isolated. The por gene RFLP gel patterns of the isolates from these 4 components also displayed polymorphism in the isolates (11) . All 4 of these components consisted of MSM.
A minimum spanning tree (MST) was created on the basis of the 110 MLVA profiles of the 55 components (Fig. 1) . When the MLVA types of a component had an SLV, the patient and partner were assigned to the same cluster. However, 7 components (C1 to C7 in Fig. 1 ) contained 2 to 4 locus variants (Table  3) , and hence, the patient and partner were not assigned to the same N. gonorrhoeae cluster.
MLVA of 880 N. gonorrhoeae isolates. MLVA was performed on 880 N. gonorrhoeae isolates that originated from 694 patients (Table 2 ). For 26 isolates (3%) from 16 patients, some of the VNTR PCRs yielded 2 PCR products with different fragment sizes for a single VNTR locus. These isolates were excluded from further analysis. Of these patients 7 were MSM, 6 were heterosexual men, and 3 were women. This phenomenon of multiple PCR products per locus was observed only for VNTR04-03, VNTR04-10, and VNTR07-2.
Of the 854 remaining isolates (678 patients), 4 isolates did not yield PCR products for one or more of the VNTR loci, even after repeated testing (2 isolates for VNTR04-10 and 2 additional isolates for VNTR07-02). Yet in order to obtain complete MLVA DNA profiles for these 4 isolates, the missing VNTR loci were alternatively coded as 99.
The range of the number of repeats differed extensively between the 5 selected VNTR loci (Table 4) . For example, in the sample analysis of 854 isolates, we identified only 6 alleles for VNTR16-01, while for VNTR07-02 we found 51 alleles ( Table 4 ). The diversity indices (DI) of the 5 different VNTR loci thus showed considerable discriminatory power, ranging from a DI of 69% for VNTR16-01 to a DI of 94% for VNTR07-02 (Table 4) Cluster analysis. The next step was to determine whether the 5 selected VNTR loci could provide sufficient resolution to differentiate N. gonorrhoeae strains and also provide sufficiently large, informative clusters. For patients who had provided several isolates due to infection of multiple anatomical sites, only isolates from one anatomical location were included.
Isolates were selected according to the anatomical location in the following preferential order: urethral, cervical, rectal, and pharyngeal. This resulted in 716 isolates from 678 patients, since 38 patients had been diagnosed with gonorrhoea on sequential visits to the clinic (Table 2 ). An MST was created using a categorical clustering coefficient, assigning an equal weight to each of the 5 VNTR loci (Fig. 2a) . Clusters with isolates from Ն10 patient visits were considered large clusters. Table 5 .
This analysis revealed the presence of 7 large clusters that comprised 68% (487/716) of the isolates. Cluster Z contained 51% (367/716) of the isolates. The 367 isolates originated from 344 patients, and 74% of the patients in cluster Z were MSM, accounting for 63% of the total number of MSM in this population. Although the heterosexual and MSM clusters could be differentiated, categorical clustering provided insufficient resolution, especially within the MSM population.
MLVA of isolates from patients with multiple infections and from components (Table 3) showed that 98% of the SLVs and DLVs were caused by differences in VNTR04-03, VNTR04-10, and VNTR07-02, while, again, VNTR15-02 and VNTR16-01 showed almost no polymorphism. Furthermore, MLVA of the 716 isolates showed that the degree of allelic polymorphism was larger for VNTR04-03, VNTR04-10, and VNTR07-02 (22, 26, and 51 alleles, respectively) than for VNTR15-02 and VNTR16-01 (13 and 6 alleles, respectively). To compensate for the highly polymorphic nature of VNTR04-03, VNTR04-10, and VNTR07-02, we assigned a double weight to the more stable loci VNTR15-02 and VNTR16-01. As a result, a difference in VNTR15-02 or in VNTR16-01 only was considered to indicate a double-locus variant. By emphasizing differences in the more conserved VNTR loci, isolates with identical VNTR15-02 and VNTR16-01 loci remained grouped. Further differentiation within these groups was caused by variation of the more variable VNTR loci VNTR04-03, VNTR04-10, and VNTR07-02. The application of this hierarchical clustering increased the discriminatory power, as demonstrated by cluster Z (Fig. 2a) . After hierarchical clustering, the MLVA profiles of patients in cluster Z (Fig. 2a) were dispersed over 19 clusters of 2 to 124 isolates and 5 unique MLVA types in the MST shown in Fig. 2b .
By use of hierarchical clustering, the 716 isolates were reclassified into a total of 72 clusters. Clusters with 2 to 5 isolates occurred most frequently. We found 91 isolates (13%) with unique MLVA types.
With hierarchical clustering, the MLVA profiles of the members of the 55 components were classified into 30 clusters, while 3 MLVA types were unique. These 3 unique MLVA types could be attributed to 2 components (4%) with MLVA profiles containing a DLV. The members of 4 components (7%) had discordant MLVA profiles that were polymorphic for the VNTR15-02 or VNTR16-01 locus and thus were assigned to distinct clusters. The members of the remaining 49/55 components (89%) were each assigned to the same cluster, in agreement with Fig. 1 . Table 5 ). The patients in the large clusters showed diverse characteristics, including sexual behavior. Two clusters (A and B) consisted entirely of heterosexual men and women, and 3 clusters (C, D, and E) contained predominantly heterosexuals (79% to 95%). Of the 2 mixed clusters that remained, cluster F consisted of 65% MSM and 35% heterosexuals, whereas cluster G contained 55% MSM. Four of the 14 large clusters (clusters H to K) consisted mainly of MSM (81% to 92%), and 3 clusters (L, M, and N) consisted entirely of MSM. The patients in heterosexual and mainly heterosexual cluster types were more often of Surinamese/Antillean ethnicity (19% to 53%) than patients in MSM and mainly MSM cluster types (0% to 18%), and heterosexuals were more often younger. Chlamydia coinfections were found frequently (9% to 55%) in all 14 large clusters (Table 5 ).
Large clusters (>10 isolates). The 14 largest clusters, A to N (Ն10 isolates), comprised 430 isolates (60%) (
An additional marker that we examined for N. gonorrhoeae strain typing was the resistance of the N. gonorrhoeae strains circulating within this patient population to the antibiotics penicillin, tetracycline, and ciprofloxacin (Table 5) . We observed that 16% of the strains in cluster C and 86% of the strains in cluster D were resistant to both penicillin and tetracycline, whereas the patients in cluster I carried strains with resistance to tetracycline only (Table 5) . Both clusters C and D consisted predominantly of heterosexuals (79% and 95%, respectively), while cluster I contained mainly MSM (81%). In cluster J, ciprofloxacin-resistant strains were found in strains from 26 patients, 25 of whom were MSM. Only a single penicillin-resistant strain and no tetracycline resistant strains were found in cluster J.
The congruence of large MLVA clusters with the large por-opa RFLP clusters of Kolader et al. (11) is shown in Table 6 . The percentage of isolates of each large MLVA cluster that were also found in a large por-opa RFLP cluster ranged from 1% to 78%. Clusters L and M had no isolates that were part of any of the large por-opa RFLP clusters. Because the opa genes used in por-opa RFLP typing are highly discriminatory, the resolution of the opa genes was probably too high. This possibly resulted in spurious clustering and thus lowered the congruence of the typing methods MLVA and por-opa RFLP. When the opa genes are disregarded and only the patterns derived from the por genes are taken into consideration, the congruence of the large MLVA clusters with the large RFLP clusters of Kolader et al. (11) is higher. This can be seen for the large MLVA clusters I and K and the large por-based RFLP cluster F (Table 6) . We also noted an increased correlation between large MLVA clusters J and N and large por-based RFLP cluster B.
DISCUSSION
We developed and evaluated an MLVA to assess the molecular epidemiology of N. gonorrhoeae. We used the isolates and epidemiological data of a well-defined population from a study previously performed at our laboratory by Kolader et al. (2006) (11) . To attain optimal MLVA performance, we assessed various genomic repeat regions and selected 5 of these (VNTR04-03, VNTR04-10, VNTR07-02, VNTR15-02, and VNTR16-01) that showed sufficient discriminatory power while remaining stable under laboratory conditions.
The number of repeats in each VNTR locus selected was represented by an integer, yielding a 5-integer MLVA profile. The patients were linked according to the level of similarity between the VNTR loci and thus the MLVA profiles of the infecting N. gonorrhoeae strains. Yet in order to effectively link patients and assign them to the same cluster, it is important that the selected VNTR loci used for typing N. gonorrhoeae remain sufficiently stable within one patient. Therefore, the MLVA profiles from 119 patient visits where the patient had N. gonorrhoeae infections at multiple anatomical locations at the same visit were used first for evaluation. Although the MLVA profile codes were identical for 66% of the patient visits, we also found 21% with SLVs and 6% with DLVs. We observed that 97% of all these SLVs and DLVs could be assigned to polymorphisms in the number of short sequence 1 (5) 4 (15) 11 (65) 16 (55) 9 (82) 29 (81) 65 (92) 105 (85) 11 (100) 11 (100) 18 (100) 284 (66) Heterosexual men 6 (60)
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10 (40) 4 (21) 3 (14) 6 (22) 4 (24) 10 (34) 6 (55) 7 (19) 17 (24) 32 (26) 2 (18) 1 (9) 4 (22) 110 ( 5 (4) 1 (9) 1 (9) 1 (6) 14 ( repeats of the VNTR04-03, VNTR04-10, and/or VNTR07-02 locus, and we decided that an SLV was allowed for assigning isolates to the same N. gonorrhoeae cluster. Consistent with these results, the assessment of the interpatient transmission of gonorrhea from 55 components (a patient and a sexual partner) also showed that all SLVs (13%) and DLVs (5%) could be assigned to these 3 short-sequence loci. An explanation for the polymorphic nature of these loci is slipped-strand mispairing (8, 12, 20, 21) . For example, the most variable locus, VNTR07-02, is a tandem repeat region of the pglE gene. Reports showed evidence of possible immune-induced phase variation with in vitro instability for pglE (10, 17) . Although we found no in vitro instability for VNTR07-02, the association with the potential phase-variable pglE gene was indeed supported by the very large number of alleles (DI, 94%) and thus the numerous variations in repeat tract length. The polymorphic character of VNTR04-03, VNTR04-10, and/or VNTR07-02 provided extensive discriminatory power, which is especially useful for high-risk populations, where individuals have numerous, often anonymous sexual contacts over short periods, causing continuous chains of transmission.
To obtain sufficiently large clusters without obscuring transmission links, while utilizing the high discriminatory power of the short tandem repeats, we also included the more conserved loci VNTR15-02 and VNTR16-01. Variation in VNTR15-02 and/or VNTR16-01 coincided in most cases with variation in the unrelated por gene, suggesting that these MLVA types indeed represented different N. gonorrhoeae strains. On the basis of these differences in locus polymorphism, we decided to introduce hierarchical clustering. This approach increased the discriminatory power of MLVA, as was clearly demonstrated by cluster Z (Fig. 2a) . Each isolate in cluster Z differed in only a single locus in the profile code from the adjacent isolate. These results suggest continuous transmission within a highrisk group rather than outbreaks of gonorrhea.
We reasoned that patients who are infected with similar N. gonorrhoeae strains are likely to be epidemiologically linked. Hierarchical clustering revealed 14 large clusters of 10 to 124 isolates, containing a total of 430 isolates. We found clusters of patients who showed similarities in sexual orientation, age category, and ethnic background. Especially the differentiation between MSM and heterosexual clusters and the limited number of mixed clusters suggested that the MLVA had sufficient discriminatory power. The arrangement of these clusters was also supported by the similarity in antibiotic-resistant N. gonorrhoeae strains that circulated among the patients of several large heterosexual and MSM clusters. Although the resistance markers might not ultimately be conclusive, combining the antibiotic resistance data with the patient characteristics reinforced the suggested association of certain N. gonorrhoeae strains with specific heterosexual and MSM transmission networks. Yet patients with different N. gonorrhoeae strains at different anatomical locations may sometimes obscure transmission links, and therefore, these patients remained unlinked as partners within a sexual network. In our study, this was supported by one component that contained a patient with a penicillin-resistant urethral isolate, while the rectal isolate of the known partner contained a penicillin-susceptible N. gonorrhoeae strain with a different MLVA type. Additional analysis of a pharyngeal isolate of this partner revealed that it con- (11), we looked at the classification of the MLVA profiles of 55 components after hierarchical clustering and observed that for 89% of components, members of the same component were classified in the same cluster by MLVA. The por-opa RFLP method classified both members in the same cluster for 79% of the components. Thus, MLVA had a higher level of concordance in linking sexual partners.
por-opa RFLP typing and MLVA have both been shown to generate reproducible results and to have high discriminatory power, which was demonstrated by the classification of patients from a high-risk population in various MSM and heterosexual clusters within different sexual transmission networks. The maximal cluster size differed between por-opa RFLP typing and MLVA (49 and 124 patient visits, respectively). This difference in maximal cluster size suggests the high discriminatory power of por-opa RFLP typing, probably due to the highly discriminative opa genes (3, 15) . Although por-opa RFLP typing was shown to be at least as discriminative as MLVA, a disadvantage of the band-based por-opa RFLP technique is the degree of subjectivity in the interpretation and translation of the RFLP band patterns. This might have led to spurious clustering in por-opa typing. The advantage of MLVA is that complex genetic data are translated into straightforward numerical MLVA profiles without the loss of valuable information. The distance between MLVA types is expressed in the number of different loci, while the difference in the number of repeats is not taken into account. The MLVA profiles are therefore highly suitable for computerized analysis and database implementation.
Moreover, MLVA is a fast and easy-to-use typing method, as opposed to the less portable and labor-intensive por-opa RFLP method. MLVA can be performed directly on both lysates and isolates, and results may be available within a single day. In addition to the relative cost-effectiveness of the MLVA, this method is suitable for high-throughput typing, provided that the appropriate sequencing equipment is available.
In this study, we examined only N. gonorrhoeae MLVA types of infected patients in Amsterdam, the Netherlands. Yet since MLVA is relatively easily implemented in other laboratory settings, it is a useful tool for interlaboratory comparisons. This offers the opportunity to compare the molecular epidemiological data of patients from different sexual networks between different cities, possibly not only on a national level but also on an international level.
In conclusion, the MLVA evaluated in this study provides a fast, portable, relatively low cost genotyping method that can be employed in outbreak situations or for the elucidation of N. gonorrhoeae transmission networks. Similarity in different cluster characteristics indicated that MLVA clustering patterns were epidemiologically concordant, suggesting that MLVA might be a useful tool for future epidemiological studies. Nowadays complete genome sequences of different bacterial strains increasingly become available, including additional N. gonorrhoeae genome sequences. This creates the opportunity to identify additional VNTR markers that might further increase the power and robustness of the MLVA, releasing the full potential of the N. gonorrhoeae MLVA.
